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1 Background

In the CR(s) [1] with mirrors up to Rel-10, generated at RAN4#60 but not treated, changes to 36.101 included the unwanted emission limits
1. +1.6 dBm/5MHz in 2570-2575 MHz
2. -15.5 dBm/5MHz in 2575-2595 MHz
3. -30 dBm/MHz in 2595-2620 MHz

for a Band 7 aggressor with restricted allocation to a tentative 60 PRB for the 15 and 20 MHz bandwidths at the “high” channel position, and

1. -15.5 dBm/5MHz in 2620-2645 MHz

2. -30 dBm/MHz in 2645-2690 MHz

for a Band 38 aggressor confined in 2570-2615 MHz with restricted allocation to a tentative 60 PRB for the 15 and 20 MHz bandwidths at the “high” channel position of this range. Such a bandwidth restriction may be applied by BS scheduling, and this was captured in a change to 36.104 [2] at RAN4#60 but not treated. Compliance with these limits also implies compliance with the ETSI HS for operation in Europe.
In this contribution, we reiterate the proposal in [3] of a tighter -40 dBm/MHz limit in the upper part of the victim bands in order to create an implicit filter-mask requirement for a Band 38 front-end filter for improved compatibility with Band 7 in view of possible carrier aggregation, but retain the remaining of the changes complete with the RB restrictions. For Band 7 a duplexer filter is always required which also supplies improved protection of Band 38. 
First we look at what can be done in the OOB region without A-MPR.
2 In the OOB region
For protection of either Band 7 or Band 38, the -15.5 dBm/5MHz requirement applied at a 7.5 MHz offset from the upper edge of the aggressor channel edge essentially means that UTRAACLR2 must be
22 dBm – [-15.5dBm/5 MHz + 10log10(3.84MHz/5MHz)] = 38.5 dBc,

that is a 2.5 dB margin to the minimum requirement 36 dBc assuming the allowed MPR is used. If the allowed MPR is not used, the UTRAACLR2 requirement implies a


23 dBm – 36 dBc + 10log10(5MHz/3.84MHz) = -12 dBm/5MHz

emission level, approximately (if the emission spectrum is ‘flat’ across the MBW). 
The 60 RB restriction is needed for compliance with the -15.5 dBm/5MHz limit at 7.5 MHz offset, but the standard UTRAACLR1 minimum requirement implies a tighter limit than the +1.6 dBm/5MHz recommended in the ETSI Report 131 and applied in the ETSI HS for the restricted 5 MHz block at 2.5 MHz offset. If the allowed MPR is not used, the UTRAACLR1 requirement that applies for all RB allocations implies a


23 dBm – 33 dBc + 10log10(5MHz/3.84MHz) = -9 dBm/5MHz

emission level, approximately. The general SEM mandates a -10 dBm/MHz level at 1-5 MHz offsets from the aggressor channel, and -15dBm/30 kHz for the first MHz (5 MHz bandwidth), but the SEM is not relevant to integrate across the first 5 MHz since only devised to meet regulatory limit. 
The +1.6 dBm/5MHz limit for the restricted block could be tightened recognising that the standard E-UTRA implies a limit slightly exceeding -9 dBm/5MHz (the first 0.5 MHz with its higher emission is not included in the MBW for UTRAACLR1).
Is the above sufficient for FDD/TDD compatibility? If the restriction of 60 PRB is applied, the emission levels in the OOB region are sufficient for compatibility between packet-based systems according to the ECC Report 131. However, this report relies on a simplified interference model with collision that assumes a reduced impact if there is partial overlap between packets of the victim and those of the interferer generating the highest interfering power (smallest path loss and power reduction due to proximity of own BS). It may have been more reasonable to consider the traffic pattern of all interfering UE(s) and that HARQ is used. Therefore, rather than using the “collision value” of -15.5 dBm/5MHz based on the strongest interferer, it might have been better to consider a more conservative value. We will do this for the spurious emission domain where RF filters help reduce emissions without use of A-MPR.
3 In the spurious emission domain
RF filter can reduce the emissions into the victim band, particularly in the spurious emissions domain. Intra-band carrier aggregation is now being specified for Band 38 for up to 20 + 20 MHz bandwidths, which will imply increased emissions into Band 7 by spectral re-growth unless back-off is applied (possible for carrier aggregation even if a legacy band). Figure 1 shows emissions in dBm/7.5kHz for single 20 MHz and 20 + 20 MHz aggregated transmissions at 22 dBm output power in Band 38: the emission levels increase up to 20 dB in upper part of Band 7. 

[image: image7.bmp]
Figure 1: 20 MHz non-CA (blue) and 20 + 20 MHz (green) emissions in dBm/7.5kHz.
The unwanted emissions can be reduced by applying power back-off as shown in Figure 2. The need for power back-off for aggregated carriers would be reduced or eliminated and the rejection in the victim band improved if the Band 38 UE is equipped with a front-end filter. It is also reasonable that a Rel-8/9 Band 38 UE does not cause more interference than a Rel-10 UE. 
Front-end filters supply additional rejection in the upper part of the victim bands, although limited in the OOB region for the smaller bandwidths. The Band 7 duplexer will always supply additional rejection of emissions into the upper part of Band 38, but there is no requirement on a TDD filter that would limit the emissions into the upper part of Band 7 RX.  
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Figure 2: 20 + 20 MHz emissions at full power (with MPR) and 1 dB back-off.

For protection of Band 7 from Band 38 emissions, we propose to create a “filter mask” for Band 38 by asking that the spurious emissions requirement is tighter in the upper part of Band 7 RX, in particular, we apply
1. -15.5 dBm/5MHz in the lower 25 MHz of Band 7 RX
2. -40 dBm/MHz in the upper 45 MHz of Band 7 RX (additional rejection > 10 dB)

already from Rel-8 (non-CA) and applicable for CA in Rel-11 in order to improve compatibility with Band 7.
The filter mask implied above represents minimum requirements and much better performance can be achieved even under wide temperature conditions, which is beneficial for coexistence. A simulated filter response of a Band 38 FBAR filter over a      -15C to 85C temperature range is shown in Figure 3, and its response at 25C within the Band 7 RX frequency range in Figure 4. Hence for this filter significant attenuation is met above 2630 MHz, which would even allow compliance with the standard -50 dBm/MHz limit in the range 2630-2690 MHz. RF filters will also improve rejection of in-band blockers within 15 MHz of the passband. 
[image: image3.emf]
Figure 3: a Band 38 FBAR implementation (simulated data).

[image: image4.emf]
Figure 4: the Band 38 filter response across Band 7 at 25C.

SAW filter implementations will not achieve the same performance at 2.6 GHz. To allow multiple technologies for minimum requirements the tighter emission requirement above is applied 25 MHz above the upper Band 38 band limit; additional rejection by the RF filter will still be supplied, and the penalty on the passband loss is reduced. However, a penalty on the insertion loss may have to be accepted if band compatibility is desired.
For protection of Band 38 from Band 7 emissions the duplexer will provide rejection in parts of the victim band, but the aggressor passband is wider and filter is also constrained by a rejection requirement in the ISM band. We therefore propose a cut-off frequency at 40 MHz offset from the aggressor edge:

1. -15.5 dBm/5MHz in the lower 40 MHz of Band 38 (except the first 5 MHz)
2. -40 dBm/MHz in the upper 10 MHz of Band 7 RX
already from Rel-8 (non-CA) and applicable for CA in Rel-11 in order to improve compatibility with Band 38. Traces for a Band 7 FBAR duplexer at ambient temperature is shown in Figure 5. 
[image: image5.emf]
Figure 5: Band 7 filter response across Band 7 at 25C.
The same emissions requirements should apply for intra-band carrier aggregation in Band 7 for Rel-11. 
4 Proposed unwanted emissions limits and restrictions
For the UE unwanted emissions limits for Band 7 and Band 398 coexistence we propose to adopt the restrictions in [1], but with the limits modified as shown in Table 1 below. These imply or require 
· RF filtering for Band 38

· additional stop-band requirement for Band 7 duplexers within the Band 38 range 

for improved FDD/TDD compatibility at the expense of cost and possible increase of insertion loss. In-band blocking performance may also be improved.
The same requirements should apply for intra-band carrier aggregation in Band 7 and Band 38.
Table 1: Requirements

	E-UTRA  Band
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	Comment

	…
	
	
	
	
	
	
	

	7
	E-UTRA Band 1, 3, 7, 8, 20, 33, 34, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	2570
	- 
	2575
	+1.6
	5
	

	
	Frequency range
	2575
	
	2600
	-15.5
	5
	

	
	Frequency range
	2600
	
	2620
	-40
	1
	

	…
	
	
	
	
	
	
	

	38
	E-UTRA Band 1,3, 8, 20, 33, 34, 42, 43
	FDL_low 
	-
	FDL_high
	-50
	1
	

	
	Frequency range
	2620 
	-
	2645
	-15.5
	5
	Note13

	
	Frequency range
	2645
	-
	2690
	-40
	1
	


The changes needed for the Rel-8 versions of 36.101 and 36.104 are shown in the attached. The modifications for 36.101 compared to the previous version [1] are highlighted in yellow (no modification for the 36.104 compared to [2]).
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